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II. THE PROPOSED ANTENNA DE
The configuration of the proposed ante
Fig.1. It consists of a conventional patch on
a rectangular ring reflector on the second l
the ground plane size is the same with the
bidirectional pattern will be formed. Hence,
reflector is further installed under the 
TABLE I 
OPTIMIZED DIMENSIONS OF THE PROPOSED
Dimension Value (mm) Dimension
L 55.6 h1 
s 6.8 h2 
a 53.8 fe 
b 42.8   
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antenna to form a directional pattern, which works like a 
Yagi-Uda antenna. As shown in Fig.2, the current 
distributions on the top patch and bottom rectangular ring 
antenna are the same with the dipole antenna. Here the ring 
can be considered as an inductive reflector, and the patch can 
be considered as a driven element. Then, a directional pattern 
can be easily obtained with this novel configuration. To 
radiate the circularly polarized wave, a single feed microstrip 
dual-mode patch antenna with corner cutting is designed as 
the driven element.  
 
The proposed antenna is simulated with a commercial full 
wave solver HFSS. The optimized dimensions for the 
proposed antenna are shown in Table I. The simulated |S11| is 
shown in Fig.3. It shows that -10 dB impedance bandwidth is 
from 1.554 GHz to 1.593 GHz. As shown in Fig. 4, 
directional radiation pattern is obtained with front-to-back 
ratio 17.7 dB. Performances of proposed antenna are 
compared with the antenna that has the complete ground 
either, as shown in Fig.5. Apparently, the proposed antenna 
has higher gain and larger front to back ratio, which means 
the proposed antenna has better performances with compact 
size. The maximum gain is 6.2 dBi, while the gain is larger 
than 5.3 dBi in the entire operating band, as depicted in Fig. 6. 
Fig. 7 shows the simulated axial ratio, which is from 1.57 
GHz to 1.585 GHz. 
III. MEASURED RESULTS 
To verify the proposed design, a prototype is fabricated and 
measured. Fig. 8 shows the photograph of the fabricated 
antenna. The measured |S11| is shown in Fig. 3. As shown in 
Fig.4, there is a discrepancy between the measured and 
simulated radiation pattern in the back-lobe, the measured 
front to back ratio is 12.7 dB, while the simulated one is 17.7 
dB. It is mainly caused by the measurement errors, because 
Satimo Starlab system is employed in this paper to measure 
the radiation pattern and there is no probe under the antenna, 
the back radiation is calculated with the approximate method 
in the system. The measured gain and axial ratio is shown in 
Fig. 6 and Fig. 7, respectively, it is found that both of them 
agree well with the simulated results. 
IV. CONCLUSIONS 
By introducing the concept of Yagi-Uda antenna, a 
rectangular ring reflector has been installed under a 
microstrip patch antenna, where the sizes of the ground plane 
and the ring reflector have been designed as the same as the 
top patch, to construct a Yagi-Uda like antenna Performance 
of the proposed antenna is almost the same with the 
conventional microstrip antenna, while the compact size is 
still remained. 
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Fig.6 Simulated and measured gain of the proposed antenna. 
 
 
Fig.7 Simulated and measured axial ratio of the proposed 
antenna. 
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(b) 
Fig.8 Photograph of the fabricated prototype. (a) Top view. (b) 
Cross view. 
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